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CONJUGATES OF ANTISENSE OLIGONUCLEOTIDES 
AND THERAPEUTIC USES THEREOF 



Hiis invention lelates generally to the inhibition and/or regulation of expression 
and xeplication of cellular or foreign nucleic acid in cells by means of antisense 
5 oligonucleotides conjugated to a ligand binding molecule that recognizes a cell surface 
molecule. More specifically, this invention relates to Hat inhibition of viral expression 
or replication in viral infected cells, and/or endogenous nucleotide e^qsression or 
replication in cells. Specific examples are compositions useful in AE>S, TNF induced 
diseases/symptoms, and cancer therapy comprising at least one antisense 

10 oligonucleotide (or analogue thereof) conjugated to an antibody against a cell surface 
antigen, a growth factor, an antibody to a growth factor, ah antibody to a cell stiorfece 
receptor, or an antibody which recognizes a complex of growth factor and receptor. 
Methods of making the compositions, and mediods of using the compositions in 
therapy are also disclosed. 

15 The present invention presents applications of antisense oligonucleotide 

conjugates for die treatment of diseases, and concerns antisexise oUgonnc 
transferrin receptor antibody, intedeukins, AIDS, TNF, and leukemia. Background 
information as to each of these is presented bebw. 

Antjggnsg Qligonviclgptfdg 

20 The antisense oligonucleotide is a single-stranded nucleic acid, which can 

specifically bind to a complemratary nucleic acid sequence. By binding to the 
appropriate target sequence, an RNA-RNA, a DNA-DNA , or RNA-DNA duplex is 
fcnmed. These nucleic acids are often termed "antisense" because they are 
complementary to the sense or coding snrand of the gene. Rccenfly, formation of a 

25 triple helix has proven possible where the oligonucleotide is bound to a DNA duplex. 
It was found that oligonucleotides could recognize sequmces in die major groove of die 
DNA double hdix. A triple helix was formed thereby. This suggests that it is possible 
to synthesize sequence-specific mcdecules which si>ecifically bind double-stranded 
DNA via recognition of major groove hydrogen binding sites. Le Doan, T. fit aL^ 

30 1987. Nn^leic Acid Res., 15 -749. 

By binding to die target nucleic add, the above oligonucleotides can inhibit die 
function of die target nucleic add. This could, for example, be a result of blocking the 
transcription, processing, poly (A) addition, replication, translation, or promoting 
inhibitory mechanisms of the cells, such as promotmg RNA degradations. 
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Hie andsense oligonucleodde can be used tt> selectively suppiess certain cdlular 
functions. For exan^le, in oncogenic transformed cells, oligonucleotides 
complementaiy to tiie oncogene suppresses its expiessioa Anantisense 
oligqnucleodde has been shown to inhibit c-myc protein oqpiession in a human 
5 promyelocytic leukemia cell line, HL60, which over CT^sses die c-myc 

protoncogene. The antisense oligonucleotide used was complementaiy to regions of 
the c-myc mRNA* Wickstrom E.L.. £t al-, 1988, PNAS fUSAV £5:1028-1032 
"Human Pron^elocytic LeutemiaHL60 cell Prolifeiation and c-myc Protein 
Expression are Inhibited by an Antisense Pwitadecadeoxynucleotide Targeted Against c- 

10 myc mRNA". Sgg a^SO Harel-Bellan, A., £t sL.. 1988. Exp. Med. . 1^:2309-2318 
"Specific Inhibition of Lyn^hokine Biosyntheses and Autocrin Growth Using 
Antisense Oligonucleotides in Thl and Th2 Helper T-cell clones"^ 

Antisense oligonucleotide can also be used to inhibit replication and expression 
of nucleic acid foreign to the host cells. Antisense oligonucleotides aie prepared in the 

15 laboratory and then introduced into cells, for example, by microinjection, uptake ftom 
die cell culture medium into the cells , or expressed in cells aft^ transfection with 
plasmids or letroviruses carrying an antisense gene. Antisense oligonucleotides were 
first discovered to inhibit the following viral replication or expression in cell culture: 
Rous sarcoma vkus, vesicular stomatitis virus, herpes simplex virus type 1, simian 

20 virus, and influenza virus. Since tiien, inhibition of mRNA translation by antisrase 
oligonucleotides has been studied extensively in cell-free systems including rabbit 
reticulocyte ly sates and wheat gerai extracts. Inhibition of viral function by antisense 
oligonucleotides has been demonstrated in vitro using oligonucleotides which w^ 
complementary to die AIDS HIV retroviras RNA. Goodchild, L, 1988, "Inhibition of 

25 Human Immunodeficiency Vims Replication by Antisense Oligodeo)gmucleotides", 
Froc. Nafl. Afffld. Sci, fUSA), JS2Iia:5507-ll. The QjjQdchildsnidy showed tiiat 
oligonucleotides that were most effective wctb complementary to the poly (A) signal; 
also effective were tiiose targeted at the 5' end of die RNA: the cap and 5' untranslated 
region, n»ct to the primer hindmg site and at the primer binding site. Thec^,5' 

30 untranslated regjon, and poly(A) signal lie widiin the sequence repeated at die ends of 
retrovirus RNA region) and die oligonucleotides complementary to tiiese might bhid 
twice to the RNA. 

Toxicity studies in niiw have shown Aat antisense oBgodeoxynucleotides 
inhibit HIV only at high levels. Goodchild, J., Ifl. This is due in part tolhmtedceU 

35 pmneation of some derivatives. Because die oligonucleotides are expensive, die high 
dosage level necessarily increases die cost of treatment As a result, research into 
modified oligonucleotides has been conducted. Examples of such modifications 
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include: terminal blocking groups* in^mucleoside methylphosphonates or 
phosphorothioates, a-analogues, covalent addition of polylysine or other ligands» (e.g. 
attachment of iron EDTA or have analogs to the oligonucleotides), acridine or its 
derivatives, and other intercalating agents. See e.g. Stein, C A. et al, 1988, Cancer 
5 Res., 4S: 2659-2668, "Oligonucleotides as Inhibitors of Gene Expression: A Review"; 
Helene. C. 1989, Br. J. Cancer, fQ:157-160, "Artificial Control of Gene Expression 
by Oligodeoxynucleotides Covalentiy Linked to Intercalating Agents." Also included 
axe carbamate linked nucleic acid analogs, and antisense 2'-OMe RNA oligonucleotide. 
Stirchak, EJ>., fitM- 1989, Nuc. Acids Res,. J2(15):6 129-6141, entiticd "Uncharged 

10 Stereoregolar Nucleic Add Analogs: 2. Moipholino Nucleoside Oligom^witii 

Carbamate Intemudeoside Linkages'*; T^mond, A.L, si sl*f 1989, CelL ^:383-390, 
'^Probing the Structure and Rinction of U2 snRNP widi Antisense Oligonucleotides 
madeof2'-OMeRNA". 

Sequence-spedfic suppression of viral expression in T-cdls chronically infected 

15 with human inununodefiden^ virus 1 (HTV*!) has been demonstrated using antisense 
phosphorothioate oligodeoxynucleotides. Matsukura, M, 1989, "Regulation of Viral 
Expression of Human Immunodeficiency Virus in \^tro by an Antisense 
Phosphorothioate Oligodcoxynucleotide Against Rev (an/trs) in CSironically Infected 
Cells", Ptqc, NPtl Acad Sgir fUSA)^ M:4244^. Oligodeoxynucleotide 

20 metiiylphosphonates have also been demonstrated to inhibit HIV expression. Sarin, 
P.S., 1988, "Inhibition of Acquired Immunodeficiency Syndrome Virus by 
Oligodeoxynucleotide Methylphosphonates", Proc. Nad. Acad. Sd. (USAY 
M(20):7448-51. 

Recentiy, there has been research into die formation of a niple helix consisting 
25 of oligonudeotide bound to a DNA double helix. See Helene. supra. Triple helix 

formation opens new possibilities to control gene esqnession at the transcriptional level 
For exan9)le, it has been reported lecendy that myc gme transcription coul^ 
inhibited in vitro by a puiine-rich DNA oligcmucleotide rscQgnizing a sequence 
upstream of the transcripticm initiation site, and this is thought to result fix>m triple hdix 
30 fonnation. Cooney, M C et al, 1988, Sdence. 241:456-459, Copney furdier 
postulated diat it would be possible for a RNA to bind to a duplex DNA* 

Anti-transferrin Receptor Antibody and Interleuldn 

Transferrin is die major iron transport protein found in human blood When 
transfenin binds to the transferrin receptor found on the cell surface, the transferrin is 
35 internalized. When transferrin receptor antibodies bind to die transferrin receptor, they 
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axe also internalized into the cell through a highly efficient coated pit pathway. 
Htzgerald, D JJ., £t si, 1983, TEnhancement of Toxicity of Anti-ltansfeirin 
Receptor Antibody-Pseudomonas Exotoxin Conjugates by Adenovirus". Pmc. NatL 
Acad. ?Sci. flTSAV fiQ:4134-4138. 
5 bit^eukin is produced by T-cells, and Other cell types. Forexaznple. 

interleuldn 2 (EL 2, T-cell growth foctor) is produced by T-lymphocytes after antigen- 
ornutogpn-stiniulaiionandisrequhiedfartfaeprolife^ IL2is 
an essential mediator of the immune response. Paetkau»V., 198 L Nature. 294: 689. 
"Lymphokines on Ae Move"; Ruscetti, R W. fit Mm 198 1. Blood . 41:379, 'Human T- 

10 Lymphocyte Growth Factor Regulation of Growfli and Function of T-Lymphocytes", 
There is also prcliminaiy evidence that it may be responsible for the abnormal cdl 
proliferation in human lymphoblastic leukemias. Gillis, S. fit M-. 1980, AACR. 
Abstract No. 955:238, "Ctonelation of Elevated Terminal TVansferase Activity (TdT) 
with Production of T-Cell Growtii Factor (TCGF) in Human Leukemia Cells"; Venuta 

13 S. fit al., "Production and Regulation of Ihterleukin-2 in Human Lymphoblastic 
Leukemias Studied witii T-Cell Monodonal Antibodies", (submitted). Activated T- 
cells, for example* T-cells activated by lipqpolysacchande, have lLr2 receptors. 

AIDS 

Human T-cell leukonia-lymphotiopic virus (HTLV) refers to a fantily of T-cell 

20 tropic retroviruses. Such viruses, which have a role in causing certain T-cell 

neoplasms, are presenfly divided into three main types or subgroups; (1) HTLV-iype I 
(HTLV-I), which spears to cause adult T-cell leukemia-lynxphoma (ATLL); C2) HTLV- 
type n (HTLV-n), which has been isolated from an individual having a T-cell variant 
of hairy cell leulremia; and (3) HTLV-type m (JSTLV-TB), which has been identified as 

25 the etiologic agent of acquired immune deficiency syndrome (AIDS). HTLV-IH is also 
known as lyrnphadenopatiiy-associated virus (LAV), AIDS related virus (ARV) and 
human inmiunodeficiencyvkusffnV). (The HTLV-m virus will hereinafter be 
referred to as HIV or AIDS virus-) Popovic, M., fitM., 1984, Science. 224:497^500; 
Gallo, R.a, fit 1984, SasaS£» 224:500-503; Wong-Staal, F. and GaUo, ILC, 

30 1985, HaiDffi, 212:395-403; and Cunan, J.W., fit al.» 1985, Scifillffi, 222:1352-1357. 

AIDS was first recognized in 198 1 and since that time, the disease has come to 
be recognized as a new epidemic. RNA Tumor Viruses Qd edition), 2:437-443, Cold 
Spring Laboratory, 1985. 

HIV infecdon is associated with the development of the clinical syndrome of 

35 AIDS. The following may be an e3q>lanation of the mechaiusm by which HIV 
operates. HIV appears to attack helper T-cells(T-lyniphocytes or OKT4-bea^ 
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cells as they are sometimes known, and macrophage), monocytes, and possibly other 
human cells, t.g.y certain cells within the brain. The invaded helper T-cells when 
activated become HIV producers. The helper T-cells are quickly destroyed and their 
number is depleted to such an extent that the body's B-cells and other T-cells ncmnally 
5 stimulated by helper T-cells no longer function nonnally or produce sufBcient 

lymphokines and antibodies to destroy the invading virus or other invading microbes* 
etc 

While the HIV virus does not necessarily cause death dhrecdy, it does m many 
cases cause the immune system to be so severely depressed that the infected individual 

10 is infected or afOicted with various otiier diseases, tiiat aie (rften life tixreatening* such 
as h^(pes, cytomegalovirus, Kaposi's sarcoma and Epstein-Barr virus related 
lymphomas. Thus, much e£fort is beingput into developing mediods of detecting die 
presence of inv in body tissues and fluids (eg., blood, saliva), developing vaccines, 
and pnq)hylactics and thempeutics. So far, only one drug AZT (3' -Azido- 3^ 

15 deoxythymidine) has been approved by die United States Food and Drug 

Adndnistration to treat AIDS. AZT has serious side effects and linnted ^Sdoicy. 
Therefore, there reniains a need for a method for preventing die disease or f^ 
tiiose who become infected with the virus. However, currmt efforts to develop a broad 
spectrum anti-HTV vaccine may be seriously con]qpromised, in light of die variation in 

20 envelope proteins (which are the principal antigenic detemiinants of the virus) observed 
among various strains of HTV. Hahn, G.H., fitfllM 1985, PNAS (USAY 52:4813- 
4817; Benn, S., sifll- 1985, Sciences , 22Q:949-95L Otiicr metiiods of blocking die 
effects of the virus are clearly needed* 

TNF Indwcgd Pisgascs/Sypiptoms 

25 Endotoxin, a lipopdysaccharide (LPS) component of die cell wall of certain 

bacteria ofim causes die infected mammal to develop sepsis characterized by 
hypoiensbn, disseminated intravascular coagulation, rraial, hepatic, and cerebral 
injury, which eventually lead to the death of the mammaL The mechanism of aiption of 
LPS is unclear. Kis widdy believed diat after its introduction, LPS stimidates 

30 macn>phagecdls to produce tumor necrosis factor (TNF) and o&^ Recent 
w mplicates TNF as a cause ofmany negative effects associated witii sepsis. 
Injection of TNF in mice and other animals mimics die effects of LPS and causes tissue 
ii^iuy* shock and death. However, other studies imply that at low doses, TNF is 
beneficial to die infected animal to combat infection. For example, it had been found 

35 that mice injected with TNF were more resistant to certain forms of malaria. Furdier, 
TNF had been shown to stimulate macrophages and other blood cells to kill die 



12/22/05, EAST Version: 2.0.1.4 



wo 91/04753 



PCr/US90/05272 



6 

parasites diat cause Chaga's disease and schistosomiasis. However, in anodier stody, 
TNF iQjpeaiedto mediate a letluil inflammation of the brain in mice infected wiA 
malar ia. The mice could be protected by antibody that neutralizes die brain damaging 
effect of TNF. Further, human patients wifli severe meningococcal infecdms and 
5 lelativdy high levels of die TNF in their blood were more litely to die fiom sepsis than 
parioits with no detectable levels of the polypeptide. Old, L.G., 1988, Scientific 
AmsiEa. Max:59-75, "Tumor Necrosis Factor". 

Additionally, TNF has been shown to be involved in initiating the e^qiression of 
human immunodeficienqr virus in human cells ftat cany latent virus. R>lks, £tal., 

10 1989, PNAS fTTSAV £1^:2365. Therefore, it appears that the prevention of or 

inhibition of TNF production would serve as a valuable prophylactic for the treatment 
of AIDS patients by preventing tiie expression of virus diat is latent in die patient 

In summary, it appears diat TNF is helpful in die local conti-ol of injury and 
infection, but may also be toxic when released in large amounts or at particularly 

15 sensitive sites. Therefore, research has been omducted to blodcTNFs action \K4iere 
its effects becomes more detrimental dian protective. To date, the research has centered 
around anti-TNF antibody liaoey, dal., 1987, UaOES. 22Q:662, and molecules widi 
TNFinhibitoryactiviiysuchasdiosBpresentindieuiineoffebrilepatiaits. Secldnger, 
fit si', 1988, J. Exp. Me<1.. lgZ:1511. However, die particular non-antibod^ TNF 

20 inhibitor has not beai purified and char^iterized to die point where it is clinical useful 
The anti-TNF antibody involved non-human TNF and non-human TNF antibo^ tested 
so far posed the problem of immunobgic rejection in humans. 

Myeloid and AnitftL.vmDhocvtif^T/'.nketniag 

A significant number of patients with chronic myeloid leuhemia (CML) and 

25 acute lympho(^rticleu]ren]ia(AII^)exMMt a cytQgoiedcabnamialiQ' known as 

Philadelphia (Ph*) chromosome. Kawasaki, KS., "Diagnosis of Chronic Myeloid and 
Acute Lyn^hoQrtic Leukemias by Detection cf Leukemia-Specific mRNA Sequence 
AmpIifiedIhVitroM988,ElSA&IUSAl. £5:3698-5702. Tlie Philadelphia 
translocation fuses die BCR and ABL genes, resulting in die eiquession of leukenda- 

30 specific cMmeiicBCR-ABL messenger RNAs. Oligodeoxynucleotidesoomplementaiy 
to diis unique fusion sequmce have been shown to hybiidize to die BOt-ABL mRNA. 
The specific sequmces of die oligonucleotides are as follows: 

In the case of CML, the oligonucleotide, 
GCrGAAGGGCITATTGAACTCTGCTTA hybridizes to BCR exon 3/ABL and exon 

35 n junction sequences; and oligonucleotide GCTGAAGGGCrrXTIXXTTATTGATG 
hybridizes to BCR exon 2-ABL and exon n fusions. In die case of ALL, 
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oligonucleotide GCIUAAGGGCnTXn'GOGTCTCCAT hybridizes to Ae junction of 
BCR/ABL. In the above sequences, the arrows denote the junction between BCR and 
ABLexons. 

In summaiy, theie is a need to identify and develop methods and conopositions 
5 for treating diseases that have hitherto been intractable, particularly AIDS, sepsis, and 
certain forms of cancer. The instant invention describes a niediod applicable for die 
treatment of these diseases. 

This invention relates generally to the inhibition and regulation of e)q)ression of 
foreign and cellular RNA or DNA in cells by means of antiseiise oligonucleotides 
10 conjugated to a figandbindmg molecule that lecognizesceU surface mdecul^^ He 
antisense oligonucleotide used in tiie conjugate of this patent application includes 
oligonucleotides, which bind to single stranded nucleic acid and those which bind a 
strand of a double stranded nucleic acid The double stranded nucleic acids include 
DNA/DNA, a DNA/EINA, and RNA/RNA. These antisense oKgonucleotides include 
15 unmodified and modified nucleic acids, discussed supra, in the '^Background of the 
Invention'' section* Further, as used in this patent application, the oligonucleotide can 
be a&sr an oligoribonucleotide or a oligodeoxyribonudeotide* 

More specifically, tiiis invention relates to the inhibition of viral oqnessicm or 
replication in viral infected cells, and endogenous nucleic add function in cells* 
20 Specific exanq)les are compositions useful in AIDS, TNF induced disease^symptomis 
and cancer therapy coniprismg antisense oligonucleotides conjugated to antibody 
against cell sur&ce antigen, growtii factors, antibody to growtii factors, antibo^ to 
growth factor cell surface receptors, and antibody to a complex comprising growdi 
factor and growtii factor receptor. Also shown are methods of making the 
25 compositions, and methods of using the compositions in therapy. 

Figure 1 presents tiie sequence of tht oligonucleotides BBOl, BBQ2, and 

BB03. 

Figure 2 presents tiie sequence of the oligonucleotides BB04, BB05, and 

BB06. 

30 Figure 3 graphically presents competitive binding data comparing tiie 4S4A12- 

oligonucleotide conjugates witii 4S4A12»rRA immunotoxin. 

Hgure 4 presents tiie result of the first experunent testmg the efficacy of tiie 
454AUKiligonucleotides for inhibiting HIV viral functions. 

Figure 5 presents the result of tiie second experiment testing thcf tfRcacy of tiie 
35 454A12'^gonucleotides for inMbiting HIV viral functions. 

Figure 6 presents tiie location of tiie TNF sense sequences oti HuTNF cDNA 
which can serve as the templates for antisense oligonucleotides in a conjugate witii 
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antibodies fior inhibition or suppression of TNF induced diseases/symptoms, for 
exaoople, sepsis. 

The invrauion described hoein presents conjugates conqprising a ligand binding 
molecule and one or more andsense oligonucleotides bound to die ligand binding 
5 molecule. These conjugates presoit a more e£5cient means dian found in die prior art. 
for die deliveiy of andsense oligonucleotides into ceDs, that is via attadunent to a cell 
surface targeting molecule. Due to low cell pomeation. die prica: art shows diat hi^ 
levels of antisense oligonucleotides are required to be ^fective. Because 
oligonucleotides are eiqpensive, die invention enables a more ^ective and less costiy 

10 use for tiie oligonudeotides. Additionally, because die oligonucleotides are cell 

targeted, diey spend less time exposed to extra-cellular nucleases, which may degrade 
die oligonucleotides. For degradatoy effect of exttacellular nuclease on 
oligonucleotides. ssSi Tidd, D.M, stal-, 1989. Br. J. Cancftr. fli:343-350, "Partial 
Protection of Oncogene, Anti-sense Oligonucleotides Against Serum Nuclease 

15 Degradation Using Terminal Mediylpho^honate Groups". 

Furdier, unlike otiier conjugates, for example immunotoxins, which are toxic if 
diey permeate non-targeted cells, conjugates consisting of antisense oligonucleotide and 
ligand Innding molecule have die advantage of bebg non-toxic to non-targeted cells, 
niis is because die andsense oHgonucleotide specifically suppresses or inhibits only die 

20 targeted complementary nuddc add, leaving nQn-targetedtmeteift arirt thrrfftwr die 
non-targeted cells unharmed. The antisense oUgonudeotide used in die conjugate of 
tins patent application includes oligonucleotides, which bind to single stranded nuddc 
acid and diose which bind to double stranded nucleic add. The double strandednuddc 
adds include DNA/DNA, a DNA/RNA, and RNA/RNA. These antisense 

25 oligonucleotides include unmodified and modified nucleic adds, discussed supra, in die 
"Background of die Invention" sectioa Further, as used in tins patent appUcation, die 
oUgonudeotide can be ddier an oligoribonucleotide or a oligodeoxyribonucleotide. The 
conjugate may be produced from its individual components as described bdow. 
The invoition described bdow draws on previously published work in 

30 mdecular Wology/biochenustty. By way of example, such woric consists of sdentific 
papers, patents orpendingpatent appKcations. All of diese publications, diose 
described previously as well as diose described bdow are hereby incorporated by 
reference. 

SvnthgSiS of the QligmiUClftOtides and Addition oFSiilfhvAvl Omnp Thi>mtn 

35 Oligonucleotides inay be synthesized according to standard mediods known in 

die art For ocanqile, one mediod for die syndiesis and characterization of die 
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oligodeoxynucleoddes is discussed in Goodchild, X, ssstta- The oligonucleotides with 
reactive sulfhydryl groups can also be synthesized on an automated DNA synthesizer 
according to methods known in the art Several references teach meAods of 
introducing a sulfhydiyl group at die 5' terminus of synthetic oligonucleotides. For 
5 example, ConnoUy, 1985, Nuc. Acids Res,13f l2)!448S-45Q2, describes a method of 
incotporating a sulfhydryl moiety into syndxedc DNA using S-trityl-0-metfao3iy- 
morpholinpphosphite derivatives <tf 2-mercaptoedianol, 3*m6icq>t0prppan-l-ol and 6* 
mocaptohexan-l-oL Cormolfy further describes derivaiization of the sulA 
containing oligonudeodde with thiol-spedfic probes. Additionally, a new and 
1 0 improved procedure can be used and is described in detail in PCT patent application, 
PCTAJS85/03212, Levenson, C, £121^ "Oligonucleotide Functionalizing Reagents 
and Metiiods", filed September 19, 1988. 

Ligand Binding Molecules 

The ligand binding molecule includes any cell surface recognizing molecule. It 

15 can indude any molecule with a specific afiSnity for a ceU surface compoiwnt Thecell 
sur&oecomponmt can be those generally found on any cell type. Prefsrably, the ceU 
surface component is specific to tiiecdl type targeted. More preferably, the cdl sur£sce 
ccmiponent also provides a pathway for wtry into the cen, for the 6fi^ 
ligand binding molecule conjugate or the oligonucleotide attached thereto. Preferably, 

20 tiie conjugation of the oligonucleotide to the ligand molecule does not substanti^^ 
interfere widi tiie ability of the ligand binding molecule for binding to the ceU surface 
molecule or for entry of the conjugate or oligonucleotide into the cell. More preferably, 
the ligand binding molecule is a growth factor, an antibody to a growth factor, or an 
antibody to a cell sur&ce receptor. Alternatively, the ligand binding molecule is an 

25 antibocfy which recognizes a complex of growth factor and recq)tor. 

In the preferred embodiment, the ligand binding molecule is an antibody or 
antigen binding fragment derived there&om. Antibody, eitiio- polyclonal, monoclonal, 
bispedfic, etc., may be generated by mediods well known in the art The xnore 
preferred embodiinent antibody is transferrin receptor antibody. Tbe prefened 

30 transferrin recq)tar antibody is described in EPA 226,419, **Anti-human Ovarian 
Cancer Immunotoxins and Methods of Use The3:eof published June 24, 1987, 
i^IicantsBjom,M. J. fit fll., and denoted 4S4A12, therein. (San:]^le5 of the 
hybridomas which produce tiie monoclonal antibody had been deposited wifli tiie 
CoUectionsofb.yi]mIntmiational under the accession number IV^ This 

35 deposit was niadeund^ tiie Budapest Treaty and wiU be maint^ 

accessible according to the provisions thereof.) The 454A12 binds to transferrin 
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leceptors, but does not substantially inhibit binding of transferrin to the transferrin 
leceptor. It is ihusdifGmnt&onifhe transferrin monoclonal antibodi^ 
U.S. Patent No. 4,434,156, which inhibit binding of transfenin to die transferrin 
lec^tor. Bodi types of transfemn antibody are suitable ligand bmding molecules. 

5 Method for Conjugating the Qligomicleotides and Lipmd Binding Mnlemlft 

Oligonucleotides can be conjugated to the ligand binding molecule for exan^le, 
dirough disulfide, amides, or diioethers bonds, or dirou^ peptide linker, or any odm 
typ^ of chemical bond that is sensitive to cleavage in lysosomes by either enzymes or 
the addic environment 

10 The preferred embodiment conjugate comprises ligand binding molecule and 

oligonucleotide bound by a disulfide bond Exemplary of this approach is binding the 
preferred antibody 4S4A12 to oligonucleotides by a disulfide bond. 
Oligodeo^qmudeotides with the following sequences were used: 
CTCKnCTAACCAGAGAGACC (designated BBOl); and 

15 GCAAGCirrAITGAGGCrrA (designated BBQ2). The control has the foUowing 
sequence: C:AGTCA(STCAGTCAGTCAGT(designatBdBBQ3). BBOl was 
complen»ntary to the cap or initiator codon and BBQ2 was complementary to die 
poly(A) signal of the HIV genomic RNA. The cap and poly(A) signal lie witiim die 
sequence repeated at the ends of the HIV RNA(R region). BB03isa20-mernot 

20 complementary to the HIV RNA. BB03 has been tested and shown to be inactive. 
Goodchild, J.,£UI2ia. All tiuee oligonucleotides did not have a reactive sulfhydryl 
group. They, therefore, could not form a disulfide conjugate with die transferrin 
receptor antibodies. Rgure 1 presents the sequences of the oligonucleotides. 

In order to form a conjugate, oligonucleotides with a reactive sulfhydryl group 

25 were synthesized. In the preferred embodiment, die oligonucleotides with reactive 
sulfhydryl groiq>s were designated BB04, BB05, and BB06, each witii a sequence 
corresponding to BBOl^ BBQ2, and BB03 respectively. Hgure 2 presents the 
sequences and data on diese oligonucleotides. The oligonucleotides had die following 
generalized s t m ct ur e (the sulfhydryl gpyap was denoted as X in Hgure 2): 

30 O 

HS^O^^O-^CKU^O-P-aS* DNA 

I 

-o 

At die same tune, a sulfhydryl group was added to 454A12. The oligonucleotide was 
covalendy Imked to die 454A12 dirough a disulfide exchange reaction between the 
35 sulfhydryl groiq>s of die two compounds. This reaction is described below. 
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Addition nf Sulfhvdrv-< fimnp nn the Antibody 

The addition of a thiol group or an activated disulfide group to an 
immunoglobulin is known in relation to the synthesis of immundtoxins. U.S. Patent 
No. 4340,535, JuL 20, 1982, Voisin fit fll-. "Cytotoxic Products Formed by 
5 Covalent Bonding of tiie A Chain of Ridn with an Antibody and die Process for Their 
Preparation and Use." The procedures disclosed therein regarding additbn of the tiiioi 
group to die antibody is incorporated hereby. 

la our prefisrred examine, EDnian's leagfflt was added to a sdution 0^ 
antibodyin40mMphosphatebufiercontaininglmMEDTA (final concenttation of 

10 454A12 was 3.2 m^nd, and diat ctf EUxnan's reagent was ImM. Final pH of die 
mixture was 8). Tlie reaction was aUowed to proceed for 30 ininute ati^^ 
temperature. At Ae end of 30 mmutes, the reaction mixture was cooled in an ice bucl^ 
to 4*C and a ten fold excess of2-inunotiiiolane reagent was added llie reaction 
mixture was allowed to continue at 4*C overnight At the end of the reaction, the 

15 excess reagents were separated on a 1.5 x 15 cm column of Sephadex G-25 

equilibrated with 40 mM sodium phosphate, pH 7.6, containing 0.2 M NaQ and ImM 
EDTA. 

Disulfide Linkage of the Oligonucleotide with the Antibody 

The derivatized antibody was then covalently linked, in a disulfide exchange, to 

20 the sutfhydryl group on the oligonucleotide. This linkage was achieved by incubating 
the two components (454A12^IT-TNB at 4 nM and oligonucleotide at 100 nM, final 
concratration) overnight at 4*C The sample turned yellow, indicatizig tiiat die TNB 
group was being released and the deshred product was being formed. 

The sample was tiien passed through a 2 J x 24 cm colunm of Sepluidra G-25 

25 resin equilibrated witii 40 mM sodium phosphate, pH 7.6, containing 0.2 M NaQ. 
The sqparation profile of a standanl mixture of proteins was conqiared to 
whidi elutes at 20.3 minutes. The reaction mixmie containing die conjugate 454A12- 
BB06, was run on GF250 preparation HPLC in PBS, pH 7.6, The peak eluting at 
17.7 mmutes was shown by SDS-PAGE analy^f^ H> contain protein with molecular 

30 sizes larger than die unconjugated antibody. Reacuon mixtures containing 454A12- 
BB04 and 454A12-BB05 were also shown by SDS^PAGE analysis to contain protein 
witii molecular size; larger tiian die unconjugated antibody. 
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Analysis of tfig Cpnjpgatgs for Nucleic Acid Content 

To detennine the nucleic acid content of the conjugates, dieir absorbance at 
260 and 280 nm were observed. For dus purpose, the conjugates, each in 40 mM 
sodium phosphate, pH 7*6, containing 0^ M NaQ piesterilized by filtration was used 
5 The result was as follows: 



260 

BB04 0.665 
BB05 0.719 
10 BB06 1.420 



Absorfaance 

280 280/260 

0.477 0.72 

0.497 0.69 

0.980 0.69 



Based on the above data, it was calculated that about 4 to 8 oligonucleotides 
were conjugated to one antibody. It is possible that higher number of oligonucleotides 
can be conjugated to each antibody. It should be noted that oligonucleotides of 
different sequences can be conjugated to a sing^Mgandbind^ Tbisis 
15 especially desirable for treatment of AIDS wbsir^ difEeient strains of die HIV vbns exist 
in a single patient 



Binding Efficiency of the Conjiiptte to Transferrin Receptors 

It is iicqportant that conjugation of the oligonucleotide to the ligand binding 
molecule not destroy die binding properties of die latter. To demonstrate that die 

20 conjugation did not destroy tiie ability of 454A12 to bind to the transfenin receptor on 
cell surfaces, the oligonucleotide conjugates were tested for die ability to protect cells 
against die ^ects of an immunotoxin consisting of 454A12 and recombinant ridn A 
chain. The result showed that the immunotoxin alone inhibited protein synthesis by 
50% at a concentration 0.01 nM. When the same e^qperimrat was done in the presence 

25 of 30 nM BB04 and BB05 conjugates, 10 fold higher concentmtions of immunotoxin 
were required to readi 50% mMbition (See Hgure 4). The results showed that die 
conjugates compete widi die immunotoxin for die transfenin binding sites. Therefore, 
conjugation of 454A12 to the oligonucleotides did not cause detectable damage to die 
antibody binding site. The ]mznunotax]n454A12-rRA was niade as described in EP 

30 226,419, published June 24, 1987, to Bjom, M.J. £tgl, entided "Anti-human Ovarian 
Cancer Imnmnotoxms and l^diods of Use Thereor. 
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RfTSnflcv nf the CoT^ ugates to Inhibit HIV Viral Expression 

To test the efficacy of the above described conjugates in inhibiting HIV viral 
expression, the following procedures/experiments were earned out 

1. TsQlarion and Cnltms of Pteripheral Blood Monocytes fPBMQ and 
5 Vims Isolation bv Monocyte CocuMvation 

To test the effect of the conjugates it was demable to have a souice of HIV 
infected monocytes. Monocytes infected with HT^ virus were produced in tibe 
following manner. Monocytes treated with iCSFl and maintained in culture for at 
least 7 days were used for cocultivation ocperiments with fieshly isolated PBMC from 
10 seropositive HIV-infected individuals. The detailed procedures forisdationand 

culture of peripheral blood monoqrtes and virus isolation by naonocyte cocultivation are 
described in Gendehnan, RE., fit al-. 1988, "Efficient Isolation and Propagation of 
Human Immunodeficiency Vims on Recombinant Colony-Stimulating Factor 1-Treated 
Monocytfts". J, Exp. Med,, 167 :1428-1441. 

15 Effect of Coniugates on HIV 

Reverse transcriptase activity was assayed as an indicator of viral replication* 
hihibition of viral replication was reflected in reduced reverse transcriptase activity. 
Assays of virion-associated reverse transcriptase (RT) activity Weie performed with 
PP] deoxythymidinetriphosphate in a protocol described in detail in WiUey, R. L.> 

20 1988- L Virol.. 62: 139-147, 'In Vitro Mutagenesis Identifies a Region witiiin die 
^velope Gene of fhe Human Immunodeficiency Virus that is Critical for Ihfectivity.'' 
The efficacy of die 454A12-Qlig(mucleotides for inhibiting HIV viral functions was 
determined, figures 5 and 6 present the results, respectively). The e?q>eriixients used 
uncconjugated oligonucleotides (without sulfiiydryl group), mixtures of unconjugated 

25 oligonucleotides (without sulfhydryl group) plus 4S4A12, and cohjugates comprising 
454A12 and oligonucleotides bound by a disulfide bond. In die mixtures of 
unconjugated oligonucleotides witii antibodies, die oligonucleotides were prevented 
from conjugating with die antibodies because the oligonucleotides lacked the suIQiydryl 
group necessary for linkage with the antibodies* 

30 In the experiments, each sanq)le was introduced at the same time the monocytes 

were infected with the HIV virus, and every three days thCTeafto- along with a firesh 
change of media. Themonocytes were infected with HIV at 100 vird infective uni^ 
umt being die arnount which results in 50% cell infection after 1^ The 
reverse transcriptase levels (in count per minute per 0.01 ml) in the culture fluid were 
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measured after twelve days of cocnitivation. In the first experiment, die following 
samples were used: 



Smoi& Matsdal 

1 oligonucleotide without sulfhydryl group, BBOl 

5 2 oligonucleotide witiiout sulfhydryl group, BB02 

3 oligonucleotide without sulfhydryl group, BB03 (Control) 

4 mixtures of unctmjugated BBOl and antibody 454A12 

5 mixniresofunccmjugatedBBQ2 and antibody 454A12 

6 mixttnes of unconjugated BB03 and antibody 454A12 
10 7 conjugate comprising BB04 and antibody 454A12 

8 conjugate comprising BB05 and antibody 454A12 

9 conjugal con9risingBB06 and antibody 454A12 

10 buffer (as used in samples 1 to 9) 
Medium culture infected wiA HIV 

15 Bad^gcound culture alone, widiout HIV, oligtnudeotide nor antibody 



Sauries 1 to 6 contained 50 |ig^ of digonudeotides at IX concentration. 
(Based on a reading of 1.6 at C©26o; a reading of 32 at OP26O being indicative of 1 
mg/inl of oligonucleotide.) Sanqjles 7 to 9 contained 19 jig/ml of digonudeotide at IX 
concenttation (based on a reading of 0.6 at OP2fio). As indicated in Figure 5, 1/100, 

20 1/1000, and 1/10,000 concentrations of die sauries were used, respectively. 

The results showed that the unconjugated oligonudeotide BBOl of Sample 1 
had some inhibitory activity, but die oligonucleotide-antibody conjuptes of San^les 7 
and 8 dearly inhibited tiie production of reverse ttansoiptase. 

The second experiment followed the same protocol as the first and tested some 

25 of die samples at 1AO,000 concentration. The results of the second experiment 
indicaiBd die oligonudeotide-antibody conjugate (San^jle 7) was more effective in 
inhilnting viral expression than its counterpart die unconjugated oligonucleotide 
^an^le l). Farther, die cdigonudeotide-antibody ooqjugate (Sample 8) was mote 
efifective at inhibiting viral expression dian die ancmgugated oligonudeotide mixed widi 

30 fise antibody (Sample 5). This result showed diat die imaease in inhibiti(Hi of viial 
ejqnession was due to coi^ugation of die oligonudeotide widi die antibody. The 
control, non-coinplementaiy oligonucleotide ndxed widi fiee antibody ^atnple 
showed a higher reading of reverse transcriptase dian die conjugated non-control 
oligonucleotide antibody conjugates (Samples 7 & 8) (except for days 5, where die 

35 readmg for Samples 7 and 6 w«ie the same). These Mcperiments establish diat 
oligonucleotide antibody coiyugates can be used to suppress HIV expression. 
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Alternative Conjugation Method 

Alternatively, the oligonucleotide can be conjugated to the antibody using 
heterobifunctionai crosslinlrars. The preferred crosslinkers ate maleimide active esters, 
and encompass a family of crosslinks that produce a tiiioetiier bond linldng antibody 
5 and oHgmncleotide consisting of an activated carboxylate, a spacer xi^ 
contains ether grQiq[is» and a maleimido group u> which a tin 
canbind. The linker wiU have a piefeircd length of up mabont^ 
however, longer linkers are intended to come within the scope of tiie invention. These 
linkers, referenced to as malsac HNSA glut, are described in U.S. patent application, 
. 10 ' Serial No. 217,938, filed July 12, 1988, to L. Houston, d al*, entided Thioetiier 

linked Immunotoxin Conjugates". The procedure is described herein. Using malsac 
HNSA glut, the conjugation consists of reacting antibody having a fiee amino groiq) 
with a txialeiinide-active ester crosslinker in a suitably buffered soluti Next, the . 
derivatized antibody is separated from the crosslinker. The isolated derivatijsed 

15 antibody can tiien be reacted with tiie oligonucleotide having a sulfhydryl group. 

In more detail, the thioether bond that links the antibody and the oligonucleotide 
described herein result fiom heterobifunctionai crosslinkers having two reactive 
groups, an active ester designed to react primarily with anuno groups, preferably on die 
antibody molecule; and a maleimido group that reacts with sulfhydryl groups, 

20 preferably present on the oligonucleotide. Jt is important to note, however, tiiat by 

suitable chemical noodification of antibody or oligonucleotide Aat reaction df antibody 
can be rriade to occur with the maleimido group, and reaction of oligpnuc 
the active es^. For example, antibody or antibody finagments can be prepared having 
fixe sulfhydryl groups by techiugues well known in the art Particulaiiy useful is die 

25 procedure shown in Umovitz, U.S. Patent 4,698,420, which is hereby incorporated by 
reference. C3ertain classes of antibody, specifically IgM and IgA, exist as aggregates 
such that antibody molecules are joined together by disulfide bonds. Reduction of die 
aggregates causes the formation of individual antibody molecules havirig finee 
sulfhydryl groups which can be reacted witii the maleimido group of die instant 

30 heterobifunctionai crosslinkers. Similarly, antibody firagnients can be producoi using 
suitab} * enzymes, and reduced tiiereby rendering sulfhydryl groups available for 
reaction. Altenmtively, in lieu ofieducing antibody or aittibodyfiragnients to ol^^ 
reactive sulfhydryl group, sulfhydryl group(s) can be introduced into these molecules 
by reactions described in U.S. Patent Nos. 4350,626, 4,450,154, and 4^340,535, 

35 which are hereby incorporated by reference. Regardless of how die sulfhydryl group is 
realized, antibody, or antibody firagnoent, is reacted widi die hete^ 
crosslinker at pH's which favor sulfhydryl maleimide reaction, preferably about pH 6. 
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Synthesis of Hetembifanctional rm9«1inln>n; 

The heierobifunctional crossEnkras of &e present invention consist of an 
activated carboxylate, a spacer containing ether groups, and a maldmido group. The 
initial step in the synthesis of this type of crosslinker consists of employing an eiher 
5 containing spacer groiip, preferably an eiher diamine, having amino reactive groups on 
both ends of the spacer, with a reverable amino protective reactive ffoap to block one 
ofthe amino groups. N«t,±ereniainingan±K>groiq) is reacted with a dicarbojqiic 
anhydride; glutaiic anhydride and succinic anhydride can be axxpLoyed, among oAers. 
The protecting group is then removed, preferably by exposure to add, and the 

10 deprolected amino group reacted with an active ester of maleimido to introduce a 

malri nri de functionality at this region of die spacer. At this point in tiie synthesis die 
spacer contains a maldmido group at one end, and a group capable of forming an active 
ester, fliat is to say, a carboxylic add, at die otiier. This molecule is tiien reacted witii 1- 
hydroxy-2^mtrobenzene-4-sul£iamc acid in the presence of a suitable condensing agent 

15 to yidd die maleim»Ie active ester. It will, of course, be understood by Aose skilled in 
die art that each of die reactions described above is foUowed by suitable purification 
procedures. 

It is importam to note diat qacBis of various lengdi can be eoqjtayed 10 produce 
die instant crossKnkers. The prefisned spacer has a length of about 34A; however. 
20 oiditiondqiacers considerably shorter or longer in lengdi can be used and are a 
firom Texaco Chemical Conq)any under die trade name Jefi&mme. 

The syndiesis of die heierobifunctional crosslinkera involves initially reacting 
die diamino containing spacer widi the protecting gamp, 2-tert- 
butoxycaibonyloxyimino-2.phenyl-acetomnile, (BOC). Suitable chromatographic 

25 techniques permit die isolation of die mono-BOC-spaccr-^EE^2^lolecule. Thepiefened 
dicarijoxyUc anhydride, ghiiaric anhydride, is reacted widi die mono-BOC-spacer. 
Suitable duomaiographic isolation of die reactants yields BOC-spacer-glutarate. The 
BOC groiip is removed, generally using trifluoroacetic acid, die add removed and die 
productieacted wifli a suitable active maldmido ester, preferably maleimido-6- 

30 aonnocqnpyl-estBr of l-hydroxy-2-niirobenzene sulfonic add, to yield maleimido-6. 
aminocqjroyl-spacer-glutarate, diatheteaiiBris abbreviated mal-sac-spacer-glutarate. 
Hnally, die heterobifiuictional crossfinker is produced by reacting l-hydro;^l-2- 
nitR)benzene-4-sulfiMric add widi mal-sao-spacer-glutin die presence of a suitable 
condensing agent, such as dicycldiexylcariiodiimide. Thus, die prefeired 

35 helerobifiinctional maleimide-active ester crosslinker is maifrniido- ^amin^ prpyi- 
spacer-glutarate ester of l-hydroxyl-2-nitroben2ene sulfonic add, abbreviated as mal- 
sac-spacor-glut-HNSA. 
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Synthesis of Ma]eimido-6-Aminocanmvl>NH^f CH2>2-0'^CHj^. 
Glytaryi Egter pf ^HytoYl-;?-Nim>l^nseng SHlfonic Arid 

In moie detail, the synthesis of the piefened embodiment hetezobiftmctional 
crosslinks was conducted as follows. 
5 A maleimido active ester crosslinker about 34 A in lengA, as measured fiom the 

two reactive functional groups of the spacer, was synthesized as follows. 
Approximately 61.4 gramis of the ether diamine, 4,9-dioxa-l,12-dodecanediamine, was 
dissolved in 600 ml of anhydrous meAand. To Aissoluticm was added a slurry 
containing 81.2 grams of 2-(teit-butoxycarbonyloxyimino)-2-phenylacetoiiitrile (BOC- 
10 ON)in ISOmlmedianoL The latter is an amino group protective agmt Themixture 
was allowed to react ovemig)it» and then concentrated by rotary evaporation^ followed 
by purification on a silica gel column. The mixture was added to the colunm, and die 
column first exposed to cWoTDfoim: methanol: acetic acid, 80: 20: 10. Thissolvrat 
removed die bis-BOC, or, 4,9-dioxa-l,12<iodecanediamine derivative, and the mono- 
15 BOC dodecanediamine derivative was eluted with chlorofomi : methanol : acetic add, 
70 : 30 : 5. Approximately 53.1 grams of a thick oil was produced, and thin layer 
chromatography using chloroform : acetic acid, 90 : 10 revealed the starting material, 
4,9*diaxa-l,12*dodecanediamine to have a Rf value of about 0.08, which was 
visualized widiiodhie vapor orninhydrin. The mono-BOC protected 4,9-dioxa-l,12 
2 0 dodecanediamine had a Rf of about 0.72 and also was reactive with iodine vapor or 
ninhydrin. High voltage paper electrophoresis having a pH 1.85, and run at 500 volts 
for 20 rmnutes revealed that the dianiiine starting rnaterial had ^ 
8.8 centuneteis and the mono-BOC derivative had a migration distance of about 4.7 
centimeters. At a pH 3.5, die diamine starting material migrated 14.4 centimeters and 
25 the mono-BOC inotected diamine had a migration distance of about 6. 1 centimeter. 

The mono protected spacer 03OC*spacer-NH2) was derivatized to contain an 
acid reactive group by adding 4. 1 grams of BOC-spacer-NHa in 40 ml of pyridine, 
followed by the addition of a two fold molar excess, or 3.08 grams of gjutaric 
anhydride. The reaction was allowed to proceed overnight, followed by removal of tiie 
30 pyridine in iaCHQ- The residue was taken up in chloroform and extracted three times 
with 0.5 M aqueous citric acii followed by tiuee further extractions wirii sannated. 
aqueous sodium chloride. The chloroform phase was dried over anhydrous 
magnesium sulfate and concentrated to a thick oil by rotary evaporation. This resulted 
in crade BOC-spacer-glutarate (BOC-spacer-glut), which was purified on a silicate gd 
35 column in a solvent system comprising chloroform: acetic acid, 90 : 10. About L48 
grams of a thick oil was recovered, and thin layer chromatography using a developing 
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solvent of methyl-t-butyl eth»: chloroform: acetic add. 6 : 3 : 1, revealed an iodine and 
ninhydrin positive species widi an Rf of about 0.14, and a second species with an Rf of 
about 0.49, which also reacted with iodine, but did not react with ninhydrin. Ihe 
iodineAiinhydrinreactivity profile indicated fliat the species with the Rf value of 0.14 is 
5 B0C.spac»-NH2. which wouldbeexpectedtoreactwithbothreagents. Ninhydrin 
reacts with dtefiee amino group. In contrast, the absence of ninhydrin staining with 
thespedeshaviiigtheRfvalueof0.49isconsisiemwiththefonnationofBCX:-spacer- 
glut This was sopponed by the observation that when die protecting group, BOC, 
was removed with 6 NHQ, the lesultingdeprottcted molecule was ninhydiii positive. 

10 ^°^<*aracterizaiionoftherBactionprotectrevealedthatinn-butan^^ 
acid:water. 120 : 30 : 50, BOC-spaccr-NHa had an Rf of about 0.73 and the BOC- 
spacer-glut an Rf of about 0.83. 

BCX:-spacer-glut was treated with trifluoroacetic add to remove the BOC 
group. This was carried out by dissolving 1.6 grams of BOC-spacer-glut-OHin 20 ml 

15 of 95% trifluoroacetic acid foUowed by stirring fior 30 minmes at room temperature. 
Trifluoroacetic add was removed by rotary evaporation, and die residual ofl dried 
ovemightinsajaiQ. The resulting deprotected,NH2-spacer-glut was dissolved in 10 
mlofdimetiiylformamide. This solution was neuualizedwitiidisqpropyletiiylamine, 
followed by adding 2.68 grams of malamido^aminocaproyl ester of l-hydroxy-^- ' 

20 mtroben2e«>4.su]fonic add (sodiumsalt). The reaction was effectedatroom 

ten3»eratnre with continuous stirring. Theprpgressof the reaction was monitored by 
measuring die fonnation of the amount of l-hydrDxy-2.niirobenzene sulfonic add 
dianionthatresultsfiomdieaminolysisofdieactiveester. This is readily achieved by 

dilutinglmicrrtoaHquots of rite reaction nmtmreintoSrnl of aOlMphosphate 
25 buffer, pH 7.0 and reading rite absorption of rite solution at 406 nm in a 

spectrophotometer. A method for peiformin&tilis procedure is described in Aldwin& 
Nitedd Analytical Bin(^h^mig|yy, 164!49A (1987). 

After die reaction had gone to conopletion. generaUy wiriiin about riiiny minutes, 
die mixture was chromatograpMcally purified on a LH-20 Sephadex column (4.5 cm x ' 

30 40 cmpre^uilibratedin dimetiiylformamide). Maleimido^aminoc^l-spacer- 
glutarate (mal-sac-spacer-glut) eluted first fiom die column. Fractions containing rids 
derivative were pooled, concentrated in sssam and purified using preparative riiin layer 
C3iromatotron chromatography. Four mm tWdc silicate gd plates were en^jloyedwirii 
riiesdventdiloroformrmeriianolracericadd, 90:10:10. A fimher purification was 

35 acMevedusing high pressure liquid chromatography widi a Waters DeltaPrep 3000 
HPLC on a microBondapak C18 column and a gradient of acetonitrile in 0.1% aqueous 
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tiifluoiDacetic add. About 0.3 grams of ptodact was obtained. Thia layer 
chromatography uang chloroform, acetic add, medianol 90 : 10 : 10 revealed tiiat mal- 
sac-spacer-glut had an Rf of about 0.66, whereas in the solvent system chloroform : 
medumol : acetic add, 70 : 3 : 5 an R| of about 0.92 was observed. Consistent with die 

5 formation <rfmal-sac-space^glut was the reaction of the product with iodine v^HJT, 
chlorox spray, whidi is Indicative of amide bonds, and a reagent reactive widi 
maldmides, Keller, O. and Rudinger, J., Hrfv. Chim. Acta. ^:S3 1 (1975). 

Lasdy, xnaleimido-6-aminocaproyl-spacer-glutaiyl ester of l-hydro3qr-2- 
nitrobenzene sulfonic add was formed by dissolving 0.2 grams of mal-sac-spacer-glut- 

10 OH in 4.0 ml of dimethylformamide, followed by adding 0334 grams of l-hydroxy-2- 
nitrobenzMie sulfonic add and 0.305 grams of dicyclohejqrlcarbodiimide. The mixture 
was allowed to react overnight at room tempeaiatme, and the active ester product 
chromatographed ovct a LH-20 Sephadex column as described above. The 
identification of fiactions containing mal-sac-spacer-glut-HNSA was achieved by 

15 spotting a drop of a fraction on to a porcelain plate, followed by the addition of a drop 
of 5 N NaOH. The latter causes the hydrolysis of fliB ester, thereby prpdudng a bright 
yellow color indicative of the HNS A anion. Fractions so identified as to contain mal- 
sac-spacer-glut-HNSA had die dirnediylfotnianude removed M xaoifi. and pioified on a 
silica gd Onomatotton 2 mm diidc thin-layer-chromatograjfliic plate, using a solyent 

20 system c<»isisting of chlorofotm: medianol: acetic acid, 70: 30: 5. The ester 

containing fractions identified as described previously were pooled'and concentrated by 
rotary evaporation. About 0.1 13 grams of a pale ydlow solid product was obtained 
vMch contained 94.1% ester. The product was shown to have a Rf of about 0.25 in 
chloroform : acetic add : methanol, 90 : 10 : 10, and an Rf value of about 0.75 in 

25 chloroform: medianol: acetic add, 70: 30: 5. Spectral analysis revealed strong 

absorbance in the UV. Moreover, die product reacted positively with iodine, chlorox 
spr^, and the TPpi^Tni^ft reactive reagoiL These results indicate tiiat die product is die 
desired heterobifunctional maleimide active ester crosslink^-, m ald m id o -6- 
aminocqiroyl-spacer-glutaryl estw of l-hydroxy-2-nitrobattzene sulfonic add, M^iich 

30 has the stracture: 




[.(CH2)5-CC)-]ra-(CH2)3-O-(ai2)4<>-(CH2)3-NH-C0-(CH2)3- 




35 



NO2 
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Svmhcas of Olieonpcleotide Antibody Opningates Thmn ph Thioether Bondinf 

Id general, the procednte for fismong flie oligonucleotide antibody conjugate 
consists of reacting antibody, either polyclonal or monoclonal, having a &ee andno 
group wi& a maleimide-active ester, produced as described above, in a suitably 
bufGered solution. Preferably, tiie maleimide-active ester is present in about a two-fdd 
molar eccess over antibody, and the pH of the sohition is sKghtly alkaline to maintain 
the antibody's amino gtoiap in an unpiotonated state. The reactton of antibody with the 
Aioeth^ crosslinter can be followed by monitoring the absorbance of the solutirai at a 
wavelength of about 406 nm* Aldwin & NitcckL supra. An increase in absorbance at 
this wavelength is the result of the dianion leaving group, HNSA, and 4e reaction of 
antibody amines to form stable amide bcmds* Because hydrolysis of the crosslinkefs 
active ester is slow relative to aminolysis, most of the leaving groups absorbance is due 
to amide bond formation. Theieacttonofantibody withthecrosslinkerisforatime 
sufiBcient to introduce about 0.5-3 crosslinker molecules per antibody molecule. Next, 
die d^vatized antibody is separated from the crosslinker, using any number of 
standard Inochemical separation techniques. Inferably die separation procedure will 
be accomplished using a gel filtration column, and more piefi^ly Sephadex G-25 
Q^armada Corp.) will be employed Thecdumnispre-equilifaratedwitha 
chromatographically compatible aqueous bufifeied sduiion. The isolated derivatized 
antibody can then be reacted widi the oligonucleotide having a sulfhydryl group as 
described below. 

Oligonucleotide having a free sulfhydryl group can be direcfly reacted witii die 
derivatized antibody in an aqueous buffeed solution compatible with die reaction. The 
oligonucleotide and antibody concentrations, and the duration of die reaction may vary 
dqjending on die number of oligonucleotide molecules sought to be bound to antibody. 
The reaction is prefi»ably run at4^C overnight 

Synthesis of the Preferred Oligonuctentid e-Antibndv Cnnfiigfltg>fi 

Mcne specifically, the syndiesis of die more pre&Exed oligonudeotide-antibody 
conjugate was caxried out as follows. 

The monoclonal antibody 454A 12 was reacted widi die heteroUfunctional 
crosslinker, mal-sac-spacer-gJut-HNSA as follows. 10 mgAnlof454A12 was reacted 
widi a two-fold molar excess of die duoedier crosslinter in 0.1 M sodium phosphate, 
pH 8, for about 25 minutes at room temperature. The progress of the reaction was 
fonowed by measuring die absorbance as described in Example I at 406 nm. Atdieend 
of 25 minutes die absorbance had increased to 0.57, and die derivatized antibody was 
separated from die reaction mixture by gel filtration using a Sephadex G-25 column 

12/22/05, EAST Version: 2.0.1.4 



wo 91/04753 



PCT/US90/05272 



(2.5 X 17 cm) in 40 mM sodium phosphate buffer, pH 6, containing 200 mM NaQ. 
This material was reacted, as described below, with the oligonucleotide having a 
reactive sulfhydryl group. 

The oligonucleotide with reactive sulfliydiyl group was combined wiA 
5 derivatized antibody in a 1 : 2 molar ratio ( antibody : oligonucleotide with sulfhydiyl 
group). The solution was concentrated using an Amicon stirred ultra-filtration device. 
The buffer employed was 40 mM sodium phosphate, pH 7.6, containing 200 mM 
NaCL The reaction was aUowed to proceed overnight at 4^C, and Aesan^le was 
chromatographed over GF 250 gel filtration column (PBS pH 7.15). Hie fractions 
10 coIlectBd were run on 6S% SDS-PAGE and conjugates were obsenrcd having 

molecular weight greater tiian die unconjugated antibody, 150,()00 kD, but less than 
210,000 kD. 

Alternatively, to maxuxnze the conjugation, tiie oligonucleotide witii reactive 
sulfydryl group is combined with derivatized antibody in a 1:25 moVsx ratio (antibody: 

15 oligonucleotides witii sulfbydiyl group). The oligonucleotide and antibody 

concentrations may vaiy depending on the numbo: of oligonucleotides bound to die 
antibody. Additionally, after the reaction has proceeded ovemigbt at 4*(X die sample 
can be chromatographed over a Sepharose S-300 column (2J2 x 80 cm) in 40 mM 
sodium phosphate, pH 6.5, containing 200 mM NaQ. This step removed any 

20 unreacted oligonucleotides with the sulfhydryl group. 

Fractions containing either £ree antibody, if any, or oligonucleotide antilxxfy 
conjugate can be identified using a suitable analjrtkral technique, such as sodium 
dodecyl sulfate polyaoylamide gel electrophoresis. The oligonudeckide antibody 
conjugates so isolated can, if desired, be concentrated by any suitable technique known 

25 in the art followed by sterilization* The latter is readily achieved by passing the 
ofigonucleotide antibody coiyugate throu^ an 0.2 micron filter. 

The above conjugates would be as efficacious as conjugates formed by rfi ^ ^^i fi d^ 
linkages, and the metiiods of use of botii types of ooigugates would be similar. 

AUgmatiYgCQmqgatgs 

30 Ibe above specific desoiption of an exemplary conjugate and testing against 

HIV was presented to illustrate the invention. It should not be construed as limiting tlie 
invention. For example, it will be apparent to tiiose skilled in the art that any antisense 
oligonucleotide that is complementary to the RNA of the retrovirus genomic HIV may 
be used in the conjugation described above. It has bem demonstrated tiiat 

35 oligodeoxynucleotides complementary to certain highly conserved regicxis of the HIV 
genome inhibit virus replication or gene expression in cultured HlV-transformed human 
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lymphocytes. U. S. Patent No. 4,806,463, Goodchild fit flL. February 21, 1989, 
Thhibition of HTLV-ni by Exogenous Oligonucleotides." That is, 
oligodeoxynucleotides complementaiy to (1) sequences 5' to die primary tRNAlys 
binding site; (2) the primer binding site; (3) sequences of a mRNA donor splice site; or 
5 (4) sequences of a mRNA acceptor splice site have been shown to cause inhibition* IjL 
Examples of die locations on die HIV genome which can serve as the tenq)lates for the 
antisense oligonucleotides arc: die tRNAlys prfm^ binding sit« regions of die HIV 
genome vidnal in die 5' direction to the tRNAb» primer binding site; the iRNA^y* 
primer binding site and regi<ms of the HIV genome vicinal in die 5' dhection to the 

1 0 tRNAlys primer binding site; die mRNA donor splice sites; die mRNA acceptor splice 
shes; the initiator codon for die gag gene; die initiator codon far die env gene; die 
initiator codon for the tat gen^ die initiator codon for the sor gene; die initiate codon 
for die 3* raf gene; die cap nucleotide of die HIV genome; die art gene or portions 
diereof; die region of the HIV genome encodmg a framesWft; die poly (A) addition site; 

15 and equivalents diereof. The specific antismse oligonucleotide sequences which can be 
used are: CTGCTAGAGATddT; TGCTAGAGATnTCCACAQ 
TTCAAGTOOCTOTrOGGGCGCCAA^ GOGTACTCACCAGTCXSCCXSC; 
CTGCrAGAGATTAA; ACACOlAATTCrQAAAATGG; 
CIGGTCTAACCAGAGAGACC; GCAAGCTTTATTGAGGCrTA; and equivalents 

20 dieieo£ Alternatively, die oligonucleotide can target HTV nucleotide sequences which 
code forprotease necessary for proper viral assembly. OHgodeoxynudeotides blocked 
at die 3' end by ddT, die isouiea group , or otiier chain terminators may prove to be 
more effisctive inhibitors. In general, any highly conserved region of die HIV genome 
which encodes informatiai necessary for vhal rq>lication or gene expression (e.g., 

25 protein syndiesis) is a potential target for complementary oligodeoxynucleotides. Mi 
Further, die oligonucleotide can be complementary to die viral mRNA, one strand of an 
integrated or unintegraied proviral DNA, a DNA-RNA, or RNA-RNA duplexes. 

Similarly, the antisense oligonucleotide conjugate can be used to inhibit 
replication or eqiression erf odier vmises, for example, herpes viruses in die treatment 

30 of herpes. Additonally, in die case of DNA viruses, die oligonucleotides can be 
complementary to die genomic DNA> 

The foiegoing gen»al qipmach of fomiing conjugates consistmg of Ugand 
binding molecule and oligonucleotides may be used to treat diseases odier dian viral 
infections, and preferably is BppUsd to die treatment of sepsis, as described below. 
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TNF Induce- i Diseases/SvmDtpms 

Examples of antisense oligonucleotides that can be used for preventing or 
suppressing TNF induced diseases, for example sepsis, are those complementary to 
TNFDNAorTNFRNA. For example, oligonucleotides complementary to the 
5 following can be used: sequences aiound the 5' end of the TNF messenger RNA; 
sequences at the beginning of and within the mRNA region coding fi)r tixe 
transmembrane domain of the TNF protein; sequence witiiih idie coding region of the 
17Id> molecule. Exan^es of iheq)edficoU^nucleotide sequences conplemen^ 
the above mRNA regions are: 
10 5TCTC(XTCTTAGCTGGTCCTCTGC3'; 

5'CATGCTITCAGTGCrCATGGTGTCCTCT 
5*OATCAGGAAGGAGAAGAGGCTGAGGAACAA3'; 
5'CTCAGCTTGAGGGTTTGC3*; and STTCGTCCTCCTCACAGGGCS'. 

Cancer 

15 Athirdembodimentof the invention is to apply ligand binding molecule- 

oligonucleotide conjugates to die treatment of cancer, pr^erable for the treatment of . 
leukemia. 

In the treatment of chronic myeloid leukemia (CML), oligodeoxynucleotide tiiat 
can be used are complementaiy to the unique fusion sequence of BCR-ABL mRNAs. 
20 For exantple, GCHUAAGGGCTT-^TIGAACTCIXKn^ complementaiy to die BCR 
exon 3/ABL exon n junction sequence; and 

GCTGAAGGGCTF<nTCX:TrATIGATC complementary to BCR exon 2-ABL exon 
n fusion sequence. As for the treatnint of acute lynq>hocytic leukemia (ALL), die 
oligodeoxynucleotide tiiat can be used is GCTGAAGGGCTT'^CrGCGTCTCCAT, 

25 which is coo^lenientaiy to the BCE{/ABL junction of die BCR-ABL 

As applied to die treatment of CML or ALL, the ligand binding tnolecules can 
be monoclonal antibodies against leukemia-associated antigens. Examples of these are: 
anti-CALLA (common acute lymphoblastic leukania-assodated antigen), J5, BA-3, 
RFB-1, BA.2, SJ-9A4 Du-ALL-l, anti-3-3. anti-3-40, SNl and CALL2, ^escribed in 

30 Foon, K.A., fit al., 1986, Blood. ffi(l):l-31, "Review: Immunologic Classification of 
Leukemia and Lyn:q)homa". The ligand binding molecules can also be antibodies tiiat 
identify myeloid cell surface antigens, or antibodies that are reactive with B or T 
lymphocytes, respectively. Examples of such antibodies are those which identify 
human n^reloid cell surface antigens or those which are reactive widi human B or T 

35 lymphocytes as described in Foon, K.A., J^. Additional examples are antibodies B43, 
CD22 and CD19 which are reactive witii B lymphocytes can also be used 
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It wfll be appmnt to those skilled in the art tbat the oKgonucleoride used in the 
conjugate for the treatment of the above diseases, and other applications, can be either 
oligodeoxynudeotideoroligoribonucleoiide. Among other fectors. the choice will be 
5 dqwndem on the ease (rf synthesis, the dBBcacy, and Aerelaiiw 

advantages oftheoKgonucleotides in aparticular system. Further. AeoUgonucIeotides 
canbecomplemeniaiytDeilherDNAorRNA. It can also bmd id either or boflismgle 
stnmdedordoubk strandednudeic add. TheDNAorlWAcanbeindige^ 
(ceUular) totheceUmquestionortiieycanbe foreign nucleic adds found in the host 
10 cells. 'nieDNAcanbcceUularorforeignm£ectiousDNA.e.g..thoseofvinis, 
bacteria, yeast, fungi and other parasites. The RNA can be genomic RNA or 
messenger RNA, for example, retroviral genomic RNA. foreign or ceUular mRNA. 
Where the oUgonucleotide is complementary to and bound to the genomic DNA or 
RNA. itinhibits or prevents the nucleic add ftom being replicated. By interfering with 
. . . or inhibiting the repKcation of the nucleic acid, the oligonudeotide interferes with or 

inhiWtsdownstreamexpressionoftheDNAorRNAinpiDteinsynthesis. Wherethe 
oligonudeotide is complementary to the messenger RNA it intctfeies with or mhibits 
tile mRNA fiom bdng oqiressed in protein synthesis. 

Rmher, the ligand bindmg molecule in die conjugate can be varied. Any Ugand 
hmdmgmoleculewhidi&dliiates contact of ti»dKgonudeoti& 
entiyoftiieoKgonudeotidemiofliecdIstiiatcanbecoiiiugatBdtotiieoligonudeotide 
may be used. Examples of the Kgandbmdmgrnolecde are antibody or growihfector. 
preferably, interleuMn. mterleuldn antibody and any ceU surface i«rng«i^ng 
bmding molecule and fragments tiiereof whidi retain die abiliQr to recognize cefl suifiice 
molecde. In the treatment of AIDS, die Ugand bmding molecule can be an antibody 
agamst aHIV antigen. In die case of interleukm, die conjugation procedure is 
essentiaUy die same as tiiat for die conjugation die oUgomicleotide wifli transferrin 
recepttir antibody. 

The conjugates can be used in treating a variety of diseases. Prefeiably. die 
conjugatesareusedindietreatmentof AIDS, prevention and treatment of sepsis, and 
tteaiment and suppression of tumors, as described in detail below. 

Mtthodfl firrUsinf ifif OminFBtes In TYBatmpnt of H.^.n y^^j Tnfr f ri TT H I 

As anodier feature of tids invention, diere is also disdosed a mediod of 

admhiistering tiiecoriiugatBstoahuman to treat AIDS, to uihibit die replication of die 

AIDSvirusininfcctedhumancelband/ortopreventAIDSfiomdevdopuiginhmi^ . 
infected widi die AIDS vims. 



20 



25 



30 



35 
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The strategy used in treating a particular individual depends on the status of the 
individual and the objective of the treatment For example, an individual who has been 
found to be carrying tfie HIV virus but shows no symptoms of AIDS might be treated 
differratly, in terms of both the type of conjugates administered and the dose given, 
5 than an individual who has AIDS. In addition, treatment might well dififi^ if its 
objective is to protect umnfected cells or to have an efiea on cells which are already 
infected 

For exaniple, an individual known to be harboring die vims but yet coanifesting 
no sign of AIDS could be gjiven a long-teim or lifetime mainterumce dose of the 

10 conjugates whose inhibitQiy effects stop revei:se transcription, e.g., by using 
conjugates widi oli^inucleotides CQnq)lementa]y tcF flie primer binding site and/or 
sequences close to tfie primer binding site in the 5' directioiL i[iitiiisinsta£ice,tDavo3d 
immunologic rejection the ligand binding molecule is preferably human transferdn 
receptor antibody. In this way, the first step in viral life or replication is inhibited 

15 because viral DNA cannot be made and the vims is unable to proliferate. However, in 
an AIDS patient, cells are aheady infected and treatment must inhibit expression of viral 
genes aheady present in the infected cells. In this case, conjugates comprising 
oligonucleotides complementary to, for example, initiator codons for genes encoding 
viral proteins, are required to prevent viral construction. In an AIDS patient, uninfected 

20 cells can also be protected by administration of conjugates coniprising oligonucleotides 
capable oif blocking reverse transcription. Further* at the early stage of HIV infection, 
tiie patient can be administered with conjugates comprising oligonucleotide 
con^Iementaxy to the HIV nucleotide sequence which exK:o(fes Ae protease necessary 
for the viral assraibly* By inhibiting the production of protease, the unassembled viral 

25 particles will still cause antigenic marl^ to be eiqnessed on tiie host cell, but will not 
be infections to otiier cells. Cells e}qniessing such vual antigens then can be 
immunologically elimmated, either tiuough the patient's own immune response or with 
other medical treatments. Qearly, such a treatment is viable only where tiie infected 
cells are relatively few, such tiiat elimination of diese cells will not adversely afiect the 

3D patients. 

Conjugates whose presence in cells can stop reverse transcription and 
conjugates whose presence in cells can inhibit protein synthesis lan be adntinistered by 
a number of routes, however, intravenous injection is preferred when^by the desdrable 
blood level may be nudntained by a continuous infusion or intairiittent infusions. The 
35 dosage varies witii such factors as the size and a;gc of the patient, stage of the disease, 
the concurrent treatments being given and die of conjugates used, etc. 
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For example, the desired dose may be presented as two, thiee. four or more 
subdoses administered as infusions at appropriate intervals throughout the day. 
Administration is by any suitable route including oral, rectal, nasal, topical Cmcluding 
buccal and sublingual), vaginal andparenteral Onduding subcutaneous, intramuscular 
5 mtravenousandintrademial). It will be appreciated that the preferred route may vary 
based on the fectors discussed in the previous paragraph. 

The administered ingredients may be used in therapy in conjunctiQn widi other 
medicaments such as suramin, ribavirin, antimoniotungstate (HPA-23). interferon. 
e.g.,alpha-interferon.interieukinII, AZr.C3M.DDC(dideox)«qrtidin^ * 
10 (dideoxyadenosine), DDI (dideoxyinosine). lymphoWnes. casteniosperamine. met- 
enkephalin. peptide T. dextran sulfete. Lmeg-1 and AmpKgen. and phosphonoforaiate 
(Foscamet). Further, the conjugates described herein iiiay be used in comWnarion with 
bone marrow or lymphocyte transplants or other medications such as levamisol or 
thymosin which would increase lymphocyte numbers and/or function as is appropriate 
1 5 Where one of fte ingredients has side effects, it is given to patients on alternate weeks 
For example. AZT causes toxic side effects, such as myelosuppression and severe 
anemia. DDC is also toxic since it causes serious peripheral nemopathy. Since AZT 
andDDCexWbitdiffisrenttoxicities. they are given topatients on alternate weeks 

mae the administered ingredients may be administered alone, they may be 
20 presentedaspartofaphaimaceaticalfeimulation. The formulations of thepresent 

m vendon comprise at least one conjugate, togetiter with one or more acceptable carriers 
thereofandqptionallyotherthetapeuticingredients. Thecairier(s)mustbe"acoq«able" 
m the sense of being compatible witii die oUier ingredients of flie fomiulation andnot 
deleterious to the redpiem. 

25 ITie following is an example of the procedure: tiie patiait is administered 

mtavenous infusion of the above conjugate in a physiologically accqjtable carrier at a ' 
startingdose of Z0-20mg/m2 daily for five days. By inhibiting viral expression, 
hostcettdedmationbytiievirusisdecreased. The cells, still containing tite virus are 
treated wiflichemofljetapyadministeredin conjunction wididieconjugatetreatme^ At 

30 fteendoftfjefive^yperiod. die patient is evaluated. TTie evaluation includes 

physicalexaminarionandextensivelabotatoiytesting. Hie tests include evaluation for 
loxiatyandqtedfictestsffirectedtodtedetemtinationofflieT-ceUcoums. Subjective 
irnpiovemems of the patient are also moDitorcd. e.g.. improvement in appetite or 

strength. Ifii»epatienfsconditionisstable,heisTe^reatedatihesamedosagedaay 
35 andevaluatedweddy. Piovided the patient's condition is stable, die treatment may be 
continued. To avoid an miwanted immune response to die antibody pan of the 
conj ugation for long treatment periods, die preferred conjugate consist of human or 
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humanized antibody coupled to the appropriate oligonucleotide(s). At the end of each 
pmod, the patient is again evaluated. Comparison of the pie-treatment and post- 
treatment T-cell counts indicates the efficacy of the combined treatments by showing 
wheflier the viral expression has been inhibited and whether the viral population has 
5 decreased According to the efBcacy of the conibinedtreatnientSta^ 

condition, the peptide or peptide-ligand binding molecule dosage, the chemotfaerq>y 
may be increased or niaintamed constant for the dunuion of treatnie^ niepatimfs 
condition and the status of the vural ejqpression is monitored periodicaU 
physical exam, and laboratory tests. The starting dose of conjugate and chemotherapy 
10 is reduced for a patient who exhibits adverse reaction* 

The formulations of diis invention may include otiier agents conventional in the 
art having regard to tiie type of formulation in question. 

The above is by way of example, and does not preclude methods of treatment 
that are known by those skilled in the art. It also does not preclude use of the 
15 conjugates of treatnsent of other viral infection, with proper nxxlification according to 
the specific vhrus involved 

Methods of Using the Conjugates in Tteatment of ThJF Induced Diseases/Svmptnrns 

As another feature of tiiis invention, there is also disclosed a mc^od of 
admiiustering die conjugate to a human to inhibit TNF induced diseas^synq>toms, for 

20 example, to prevent sepsis, or to inhibit and reduce sepsis after its onset 

Again, the strategy used m treating a particular individual depends on the status 
of die sepsis and die objective of the treatment Far exaniple, treatments for prevention 
of sepsis differs finom that of containment or reduction after its onset 

For example, an individual without sepsis could be given a maintenance dose of 

25 the conjugates to inhibit/stop transcription of flie TNF genes. Conjugates comprising 
oligonucleotides conplementary to, for example, initiator codons fen* the gene encoding 
TNF can prevent TNF production. Where there is aheady an onset of sepsis, the 
conjugates may comprise oligonucleotides complementary to the mRNA coding for 
TNF. By binding to die mRNA, the conjugates prevent translation of mRNA, 

30 therefore, production ofTNF is inhibited or sttjpped The oligonucleotides tiiat can be 
utilized in tiie conjugate are sequences conspleinentaiy to the S' end of die 
messenger RNA; sequences at the beginning of and withm the rnRNA region coding 
for transmembrane domain of die TNF protein; and sequences widiin die coding region 
of the 17 kD izx>lecule. (Figure 10 shows the locations of these sequences on the 

35 HuTNFcDNA.) 
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The above conjugates can be adnuoistered by any munb^^ 
prcfiarably by intravenous injection whereby tiie desirable blood level may be 
maintained by a continuous infusion or intermittent infusion. The dosage varies with 
such factors as the size and age of the patient, stage of the disease, die concunent 
5 treatments being given, and the type of conjugates used, etc 

For exanq)le, die desired dose may be presented as two, duee, four or nxne 
subdoses may be infused at appropriate intervals throughout the day. Administration is 
by any suitable route including oral, rectal, nasal, topical Oncluding buccal sublingual), 
vaginal and parenteral (including subcutaneous, intramuscular, intravenous and 

10 intradermal). Itwinbeapprcciatedthattheprefiaredroutemay vary based on d» 
^tors discussed in the previous paragraph. 

An example of prophylactic use of die conjugate is as follows: 3-5 hours before 
suigeiy the patient is administeied intravenous infusion of the conjugates in a 
physiotogically acceptable media at a starting dose of 2.0-20 mg/m2. The intravenous 

15 infiision continues throughout die surgery and 1-10 days post surgery. During tiiis 
period, die patient's reaction to die conjugate is mMutored by means of physical 
examinatirai. extensive laboratory testing and observation of die patient's subjective 
reactions. The tests include evahation for die toxkaty, and tests fsa die level of TNF 
produced by die patient According to die efBcacy of die treatment, and die patient's 

20 condition, die conjugate dosage may be increased, or maintained constant, or decreased 
for the duration of the treatment 

While die adnrinistered ingredients may be administered alone, tiiey may be 
presented as part of a pharmaceutical formulation. The formulations of die present 
invention comprise at least one administered conjugate togedicr widi one or more 

25 acceptable carriers diereof and optionally otiierdierapeutic ingredients. ThecarrierCs) 
must be "acceptable" in die sense of being compatible widi die odier ingredients of die 
fannulatum and not deletnious to die recipient 



Mefliod of ITsingtbe C3oningates nf TYeatment nf H uman Leukemic 

The conjugates can be used forinhibition or suppression Of odierendogenous 
30 gene eiqiression or protein syntiiesis. For example, die conjugates may be used to 
suppress expression of oncogenes. 

As anodier feature of diis invoition. here is also disclosed a mediod of 
administering die conjugate to a human to suppress leukemia cause by mutations in die 
Ph' chromosime. 

35 The mediod is simihu- to diose described in Exanqiles I and IL The 

modifications being clinical tests for improvement include white blood cells counts. 
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All the above is by way of example, and does not preclude other conjugates, 
methods of making the conjugates and methods of treatment using the conjugates that 
aie known by those skilled in the art, or that could be arrived at by those skilled in the 
art using the guidelines set forth in this specification. 
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WEC3-AIM: 

1. A conjugate for treating or preventing disease comprising a cell suz&ce 
ligand binding molecule conjugated to at least one antisense oligonudeodde, said 
andsrase oligonudeotide being coniplemmtaiy to and capable of hybridizing wiA a 
segment of a nucldc add» said hybridization interfering with or inhibiting Ae 
expression or zeplicadon of said nucleic add 

2 . A coiijugate according to claim 1 , wherein the segment of the nudeic 
add whidi is capable of hybridizing to said oligonudeotide is selected fiom the group 
consisting of a single stranded DNA» RNA, or a strand belongmg to a duplex of DNA- 
DNA, RNA-RNA, orDNA-RNA- 

3 . A conjugate according to claim 2, wherein the antisense 
oligonudeotide(s} comprise oligodeoxynucleotides oroligoribonucleotides. 

4. A conjugate according to claim 2, wherein the antisense 
oligonudfiotide(s) furdier comprise modlGed oligodeoxynucleotides or 
oligoribonudeotides. 

5 . A conjugate according to daim 4, wherein said modified 
oligormdeotide(s) are sdected fiom the group consisting of: mediylphosphonate 
digodeoxynucleotide, phosphorothioate digodeoxynndeodde, 2*OMe RNA 

oligonudeotide, a*oligodeaxynndeotide, a-oligodeoxynucleotidecovalently finked to 
intenralating agent(s), oligodeoxynucleotide covalrady linked to intercalating agent(s), 
oligoribonudeotide modified with carbamate, or oligodeoxynudeotide modified with 
polylysine or iron EDTA or its analogues. 

6. A conjugate according to claim 2» wherein the nucleic add is ^ected 
fiom die groi^ consisting of HIV viral genomic RNA, unintegrated and integrated 
proviral DNA, viral mRNA, and viral RNA-DNA duplex. 

7. A conjugate according to claim 6» wherein said cell surface ligand 
binding molecule is selected from the group consisting of: growth factors, antibody to 
growdi factors, antibody to growtii factor cell surface receptors, and antibody to a 
conq)lex comprising growth factor and growth factor receptor. 
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8 . A conjugate according to claim 7, wherein said Kgand binding molecule 
is selected from the group consisting of: transfenin, transfeirin receptor antibody, 
interleuldn, imerleuldn antibody, interleukin receptor antibody, and antibody against 
HIV antigen. 

9. Aconjiigateaa»3n]ingtoclaim8,i)viiereins&idcensuifa^ 
molecule is a transferrin lecepior antibody, said transfenin leceptor antibody being 
covalendy bound tt> the antisense oligonucleotide. 

10. A conjugate accon&ig to daim 8, wherein said antisense di^nndeodde 
comimses a nucleic add whi(A is oniplementaiy to a regi^ 

selected from the groiq) consisting o£ 



a) 


the tRNAiys primer binding sit^ 


b) 


regions of the HIV ^ome vicinal in die 5' direction to die ffiNA»y» 




primer binding site; 


c) 


die tflNAiys primer binding site and regions of the HIV genome vicinal 




in tte 5' direction to die dWA^ primer binding site; 


d) 


die mRNA donor splice sites; 


e) 


the mRNA accepter splice sites; 


f) 


die initiator codon for die gag gene; 


£) 


Ihe initiator codon for the rav gene; 


h) 


die initiator codon for die tat gen^ 


i) 


die initiator codon fix- die SOT gene; 


j) 


die initiattx- codcm for die 3' orf gm^ 


k) 


die cq> nucleotide of die mv genome 


1) 


die art gene or portions thereof 


m) 


die re^on <rf die HIV genome encoding a fian»shifi; 


a) 


die poly (A) region; and 


0) 


equivalrats tbsieol. 


11. 


A conjugate accordmg to claim 10, whraein said antisense 



oHgonucleotide conqnises an oligodeoxynucleotide sdected from die group consisting 
of: 

a) CTGCTAGAGATddT; 

b) CTOCTAGAGATnTCCACAC; 

c) TTCAAGTCCCrGlTCGGGCGCCAAA; 
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d) GOGTACTCACCAGTCGCCGC; 
c) CTGCrAGAGATTAA; 

f) ACACCX^AATTCTGAAAATGG; 

g) CTGGTCTAACCAGAGAGACC; 

h) GCAAGCTirATTGAGGCTTA; and 
g) equivalents theieo£ 

12. A method of inhibiting HIV replicadon, HIV gene expression or both in 
an individual, comprising administering to said individual an effective amount of a 
conjugate con^sing a cell siuface ligand binding molecule conjugated to at least one 
antisense oligonucleotide; said antisense oligonucleotide bdng complementary to and 
enable of hyfaridizng with a segment of a HIV nucleic acid selected from die group 
consisting of viral genomic RNA, unintegrated and integrated proviral DN A, viral 
mRNA, and viial RNA-DNA duplex. 

13. A method according to claim 1 2» wherem said cell surface ligand 
binding molecule is selected fixxm the group consisting of growth factor, antibody to 
growth fiactor, antibody to growth factor receptor, and antibody citable of lecogniang 
a complex cooqnising growth factor and growtii fiactor receptor. 

14. A method according to claim 13t whmm said cell surface ligand 
binding molecule is selected firom tiie group consisting of: transferrin, transfenin 
receptor antibody, interleukin, interleukin antibody, interleukin receptor antibody, and 
antibody to HIV antigen. 

15. A method according to claim 14, wherein said antisense oligonucleotide 
comprises a nucleic acid which is con^lementaiy to a region of the HIV genome 
selected from die group consisting of: 

a) die tRNAb» primer binding sit^ 

b) xenons of the HIV ^ncme vicinal in the 5' direction to die fl(NA4» 
primer biading site; 

c) die tRNAbs primer tending site and regions of the HIV genome vicinal 
in die 5* direction to the tRNAlys primer bmding site; 

d) die mRNA donor splice sites; 

e) die mRNA acceptor splice sites; 

f) the initiator codon for die gag gene; 
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g) the initiator codon for the env gene; 

h) the initiator codtMi for the tat gene; 

i) the initiator codon for the sor gene; 
j) the initiator codon for die 3' orf gene; 
k) die cap nucleotide of die mv genoott; 
1) die art gene or portions dioeo^ 

m) die region of die HIV genome encoding a fiameshift; 

n) die poly (A) region; and 

o) equivalents dieieof, 

16. A mednd according to daim IS, wheiein die andsense oligonucleotide 
ccnnprises oligodeoxynucleoddes sdected fiom die group consisting of: 

a) CTGCTAGAGATddT; 

b) CTGCTAGAGATnTCCACAC; 

c) ITCAAGTCCCTGTrOGGGCXjCCAAA; 

d) GCGTACTCACCAGTCGCOGC; 

e) CTGCTAGAGATTAA; 

f) ACAOCCAATTCTGAAAATGG; 

g) CTGGTCTAACCAGAGAGACC; 

h) GCAAGCTTTAITGAGGCITA; and 
g) equivalrats dieieo£ 

17. A ccmjugate according to daim 2, wherdn die andsense oligonucleotide 
is complementary to segments of TNF DNA or TNF RNA 



18. A conjugate according to claim 17, wherein said andsense 
oligonudeodde is selected from die groi^ consisting of: 

a) STCTCCCTCTTAGCTGGTCCTCTGCS'; 

b) S'CATGCTTTCAGTGCrCATGGTGTCXmTCS''; 

c) 5GATCAGGAAGGAQAAGAGGCrGAGGAACAA3'; 

d) 5'CTCAGCTTGAGGGTTTGC3'; and 

e) 5TTCGTCCTCCTCACAGGGC3'. 

19. A conjugate according to claim 18, wherein said cell surface li^d 
binding molecule is selected from die group consiting of: growdi factor, antibody to 
growdi fector, antibody to cell surface receptor and antibody capable of recognizing 
complex comprising growth factor and growdi factor receptor. 
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20. A method ofpreventing or siqpressingTNF induced diseases or 
symptoms in an animal, comprising administering to said animal an effective amount of 
a conjugate cotnprising a cefl surface figand binding molecule conjugated to at least one 
antisKiseoUgomideotide; said antisenseoUgonucleotide being complementary to and 
cq»ableof hyhridizngwithasegmentof aTNFRNAorTNFDNA. 



21. A conjugate according to daim 2, MiioBindieantisMseoHgonudeotide 
is complementaiy to BCR-ABL messenger RNA. 

22. A conjugate according to claim 21, vitesin said aniisense 
oligonucleotide is selected from the group consisting ofc 

a) GCTCAAGGGCTT'^TTGAACTCrGCrrA; 

b) GCTGAAGGGCIT'^CrrCCTrATTGATC: 

c) GCrGAAGGGCrT'^GCGTCTCCAT;and 

d) eqnivalrats thereo£ 



23. A conjugate aococdmg to daim 22, whexwn said cell surface Kgand 
bmding molecule is selected from ifae group consisting of growth fector, antibody to 
growtii factor, antibody to cell surfiaceTBceptor, antibody capable of recognizing 
complex comprising grovrth factor and growdi fector receptor, antibody to leukemia 
assodated antigen. 

24. A medtod for treating leukemia con^nisingadnrinistering an effective 
amount of a conjugate comprising ceU surface Kgand binding molecule cotyugated to at 
least one antisense oUgonudeotide, said antisense oligonucleotide being complementary 
to and enable of hybridizing witii a segment of BCR-ABL inRNA. 

25. A metiiod according to claim 24, wherein said antisaise 
digoimdeotides is setected from die groiq) consisting of: 

a) GCmAAGGGCTr^TrGAACrcrGCITA; 

b) GCTGAAGGGCTP^nTCCTTATTCATC; 

c) GCraAAGGGCITKnGCXiTCrcCAT;and 

d) equivalmts titereot 
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26. A method of making a conjugate comprising at least one oligonucleotide 
linked to a ligand binding molecule by a disulfide linkage, comprising the steps of: 

a) adding a sulfhydryl group to the ligand binding molecule to form a 
sulihydryl-Iigand binding molecule comply; 

b) adding a sulfhydxyl group to tfie oligonucleotide to form a sulfhydryl- 
oligonucleotide conq)lex; 

c) reacting said sulfhydiyl-ligand binding molecule con^lex with said 
sulfbydiyl-oligonucleotide complex to form said conjugates; and 

d) isoladng said conjugate. 

27. A method of making a conjugate comprising at least one oligonucleotide 
linked to a figand binding molecule by a tMoeth^ linkage, comprising the st^ 

a) fomdng a ligand binding molecule complex con^prising reacdng said 
ligand molecule with a heterobifunctional crosslinker comprising an 
activated carboxylate group, a spacer niolecule containing either groups, 
and a maleimide group, wherein an aixiino group on said ligand binding 
molecule reacts with said activated carboxylate group; 

b) isolating said ligand binding molecule crosslinker complex; 

c) adding a sulfhydxyl group to an oligonucleotide to form a sulfhydryl- 
oligonudeotide complex; 

d) reacting said sulfhydryl oligonucleotide complex wifli said ligand 
binding molecule crosslinker con^lex to form said conjugates; and 

e) isolating said conjugate. 



12/22/05, EAST Version: 2.0.1.4 



wo 91/04753 



PCr/US90/05272 



1/ 8 



FIG. I 



BBOl 20-MER 
CTGGTCTAACCAGAGAGACC 

MW AMMONIUM SALT 6417.65 
MOLAR EXTINCTION AT 260nm 195800 

MICROGRAMS PER OD260nm 32.78 

PICOMOLES PER OD260nm 5107.25 

BASE COMPOSITION: ACGT 6653 

Td (blot) O.IM Na+ 62 
Tm e O.IM Na+, .OOOOOlM Probe 58 

BB02 20-MER 
GCAAGCTTTATTGAGGCTTA 

MW AMMONIUM SALT 6453.67 
MOLAR EXTINCTION AT 260nm 193700 

MICROGRAMS PER OD260nm 33.32 

PICOMOLES PER OD260nm 5162.62 

BASE COMPOSITION: ACGT 5357 

Td (blot) O.IM Na+ 56 
Tm @ O.IM Na-i-, .OOOOOlM Probe 60 

BB03 20-MER 
CA6TCAGTCAGTCAGTCAGT 

MW AMMONIUM SALT 6423.65 
MOLAR EXTINCTION AT 260nm 196900 

MICROGRAMS PER OD260nm 32.62 

PICOMOLES PER OD260nin 5078.72 

BASE COMPOSITION: ACGT 5555 

Td (blot) O.IM Na+ 60 
Tm @ O.IM Na+, .OOOOOlM Probe 55 
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FIG. 2 



BB04 21-MER 

XCTGGTCTAACCAGAGAGACC 
MW AMMONIUM SALT 
MOLAR EXTINCTION AT 260nm 
MICROGRAMS PER OD260nm 
PICOMOLES PER OD260nm 
BASE COMPOSITION: ACGT 
MIXED BASES: YRNMKSWHBVDXZ 



6417.65 
220400 

29.12 
4537.21 
6653 

0000000000010 



X=ANTITRANSFERRIN RECEPTOR ANTIBODY, 
Td (blot) O.IM Na+ 63 
Tm @ O.IM Na+, .OOOOOIM Probe 58 



BB05 21-MER 
XGCAAGCTTTATTGAGGCTTA 
MW AMMONIUM SALT 
MOLAR EXTINCTION AT 260nm 
MICROGRAMS PER OD260nm 
PICOMOLES PER OD260nni 
BASE COMPOSITION: ACGT 
MIXED BASES: YRNMKSWHBVDXZ 



6453.67 
217600 

29.66 
4595.59 
5357 

0000000000010 



X=ANTITRANSFERRIN RECEPTOR ANTIBODY, 
Td (blot) O.IM Na+ 57 
Tm @ O.IM Na+, .OOOOOIM Probe 60 



BB06 21-MER 
XCAGTCAGTCAGTCAGTCAGT 
MW AMMONIUM SALT 
MOLAR EXTINCTION AT 260xim 
MICROGRAMS PER OD260nm 
PICOMOLES PER OD260nm 
BASE COMPOSITION: ACGT 
MIXED BASES: YRNMKSWHBVDXZ 
X=ANTITRANSFERRIN RECEPTOR ANTIBODY, 
Td (blot) O.IM Na+ 61 
Tm @ O.IM Na+, .OOOOOIM Probe 55 



6423.65 

215000 
29.88 
4651 ;'l 6 
5555 

0000000000010 
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FIG. 3 
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5 ^GCAGAGGACCAGCTAAGAGG6AGA6A| ftGCAACTACA6ACCCCCCCTGAA^ACAACCCTC 

AGACGCCACATCCCCTGACAA6CT6CCAGGCAGGTTCTCTTCCTCTCACATACTGACCCAC 

lUO 



ggctccaccctctctcccctgIgaaaggacacc 



-76 

met ser thr glu ser met 
AT6 A6C ACT GAA AGC ATG 



-70 -60 
lie arg asp val glu leu ala glu glu ala leu pro lys lys thr 
ATC CG6 GAC GTG GAG CT6 GCC GAG GAG 6CG CTC CCC AAG AAG ACA 

2tI0 



3ly gly pro 
36G 6GG CCC 



-50 

In gly ser arg ar< 
AG 6GC TCC AGS C6( 



cys 
TGC 



leu phe leu ser leu phe 
HG nC CTC AGC CTC TIC 
250 



-^o 

ser Phe leu ile 
TCC TTC GTG ATC 



-30 



val ala gly ala thr thr leu phe cys leu leu 
GTG GCA GGC GCC ACC ACG CTC HC TGC CTG CTG 

500 



his phe 
CAC Tn 



-10 



-20 

3ly val ile gly pro gin an 
56A GTG ATC GGC CCC CAG AG( 



leu ser leu ile ser pro leu ala 

CTC TCT CTA ATC AGC CCT CTG GCC 

10 

Arg Thr Pro Ser Asp Lys Pro Val Ala His Val Val 

C6A ACC CC6 AGT GAC AAG CCT GTA GCC CAT GH 6TA 
^00 



3lu glu Phe pro arg asp 
AA GAG TTC CCC AGS GAC^ 

550 



1 



In ala Val Arg Ser Ser Ser 
;A6 GCA GTC AGA TCA TCT TCT 



20 

Ala Asn Pro 
GCA AAC CCT 



30 

Gin Ala Glu Gly Gin Leu Gin Trp Leu Asn Arg An 
CAA GCT GAgJgGG CAG CTC CAG T66 CTG AAC CGC C6{ 
____A50 



AO 



Ala Asn Ala 
GCC AAT GCC 



50 



Leu Leu Ala Asn Gly Val Glu Leu Ar 
CTC CTG GCC AAT GGC GTG GAG CTG AG 

500 



Asp Asn Gin Leu Val Val 
GAT AAC CAG CTG GTG GTG 



60 



Pro Ser Glu Gly Leu Tyr Leu lie Tyr Ser Gin Val Leu Phe 
CCA TCA GAG G6C CTG TAC CTC ATC TAC TCC CAG GTC CTC HC 

FIG. 6-1 



Lys 
AAG 
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70 80 
Gly 61n Gly Cys Pro Ser Thr His Val Leu Leu Thr His Thr He 
GGC CAA GGC TGC CCC TCC ACC CAT GTG CTC CTC ACC CAC ACC ATC 

6U0 

90 

Ser Arg He Ala Val Ser Tyr Gin Thr Lys Val Asn Leu Leu Ser 
AGC CGC ATC 6CC GTC TCC TAC CA6 ACC AAG GTC AAC CTC CTC TCT 

650 

100 110 
Ala He Lys Ser Pro Cys Gin Arg Glu Thr Pro 61u Gly Ala Glu 
GCC ATC AAG AGC CCC TGC CAG AGG GAG ACC CCA GAG GG6 GCT GAG 



. 120 
Ala Lys Pro Trp Tyr Glu Pro He Tyr Leu Gly Gly Val Phe Gin 
GCC AAG CCC TGG TAT GAG CCC ATC TAT CTG GGA GGG GTC TIC CAG 

750 

130 IHO 
Leu Glu Lys Gly Asp Arg Leu Ser Ala Glu He Asn Arg Pro Asp 
CTG GAG AAG GGT GAC CGA CTC AGC GCT GAG ATC AAT CG§ CCC GAC 

m 

^ . 150 

Tyr Leu Asp Phe Ala Glu Ser Gly Gin Val Tyr Phe Gly He He 

TAT CTC GAC TTT GCC GAG TCT GGG CAG GTC TAC TTT GGG ATC ATT 

157 
Als Lsu OP 

GCC CTG TGA GGAGGACGA/JCATCCAACCTTCCCAAACGCCTCCCCTGCCCCAATCCC 
850 T 90U 



TTTAnACCCCCTCCnCAGACACCCTCAACCTCnCTGGCTCAAAAAGAGAATTGGGGG 

95a 

CTTAGGGTCGGAACCCAAGCnAGAACTnAAGCAACAAGACCACCACTTCGAAACCTGG 

1000 

GATTCAGGAATGTGTGGCCTGCACAGTGAAHGCTGGCAACCACTAAGAAHCAAACTGG 

1050 

GGCCTCCAGAACTCACTGGGGCCTACAGCTTTGATCCCTGACATCTGGAATCTGGAGACC 
IIUO 

AGGGAGCCTHGGTTCTGGCCAGAATGCTGCAGGACnGAGAAGACCTCACCTAGAAAn 
1150 12U0 

GACACAAGTGGACCTTAGGCCTTCCTCTCTCCAGATGTTTCCAGACnCCHGAGACACG 

1250 

GAGCCCAGCCCTCCCCATGGAGCCAGCTCCCTCTATnATGnTGCACTTGTGAnATTT 

FIG. 6-2 
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AnAmATTTAnAnTATnATTTACAGATGAATGTATTTATiTGGGAGACCGGGGTA 

TCCTGGGGGACCCAATGJAGGAGCTGCCnGGaCAGACATGTTTTCCGTGAAAACGGAG 

CTGAACAATAGGCTGnCCCATGTAGCCCCCTGGCCTCTGTGCCnCTmGATOTG^ 
1450 

TTTTAAAATATTTATCTGAnAAGTTGTCTAAACAATGCTGATnGgGACCAACTGTCA 
CTCATTGCTGAGCaaGCTCCCCAGGGGAGnGTGTgGTAATCGCCCTACTATTCAGT 

GGCGAGAAAIAAAGrrTGCTT 

1) Sequences around the 5' end of the TNF messenger RNA. 

2) Sequences at the beginning of and wlthia the mRNA region 
coding for transmemSrane domain of the TNF protein. 

3) Sequences within the coding region of the 17 KD molecule. 

FIG. 6-3 
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